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Abstract

Background: Lower limb lymphedema (LLL) is one of the most refractory and debilitating complications related to
gynecological cancer treatment. We investigated factors associated with response to compression-based physical
therapy (CPT) for secondary LLL after gynecologic cancer treatment.

Methods: We performed a multicenter retrospective study using the records of seven medical institutions from
2002 and 2014. Patients who developed LLL after gynecological cancer treatment were included. Limb volumes were
calculated from the lengths of the limb circumferences at four points. All participants underwent compression-based
physical therapy for LLL. Factors, including MLD, indicative of circumference reductions in LLL were determined.

Results: In total, 1,034 LLL met the required criteria of for the study. A multivariate linear regression analysis identified
age; body mass index (BMI); endometrial cancer; radiotherapy; and initial limb circumference as significant independ-
ent prognostic factors related to improvement in LLL. In analysis of covariance for improvement in LLL adjusted by the
initial limb circumference and stratified by BMI and radiotherapy, patients with BMI 28 kg/m? or higher and receiving
radiation rarely responded to CPT.

Conclusions: Improvements in the lower limb circumference correlated with clinical histories and physical charac-
teristics, which may be used as independent prognostic factors for successful CPT for LLL after gynecological cancer
treatment.
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Background

Lower limb lymphedema (LLL) is one of the most
refractory and debilitating complications related to
gynecological cancer treatment. The accumulation of
lymphatic fluid in the limb interstitium caused by alter-
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ranges between 1 and 49%, with differences being
attributed to the lack of standard diagnostic criteria [1].
Since LLL is a chronic and progressive disease, it ulti-
mately reduces the physical and mental quality of life
(QolL) of patients [3, 4].

A clinical history and physical examination are the
most important elements for establishing a diagnosis of
lymphedema. In the gynecological field, age, body mass
index (BMI), type of cancer, radiotherapy, chemotherapy,
and the number of removed lymph nodes have been iden-
tified as potential risk factors for LLL after gynecological
cancer treatment [2, 3, 5-8]. In a physical examination,
limb volume can be assessed by the water displacement
method or estimated by taking several limb circumferen-
tial measurements at standard distance. It is important to
evaluate serial changes in limb volumes in order to esti-
mate the effects of lymphedema therapy [9-11].

The goal of lymphedema therapy is to maintain physi-
cal function, reduce psychological distress, and prevent
development of infection. Initial therapy needs to be
performed before extensive irreversible fibrosclerotic
changes occur in the interstitium [12]. Compression-
based physical therapy (CPT), such as banding and com-
pression garments, are the most common and accessible
approaches. The pressure induced by muscle contrac-
tion associated with banding or garments is considered
to reduce lymphedema by mechanical stimulation of the
smooth muscle of lymphatic vessels, which increases lym-
phatic flow [13]. The efficacy of CPT has been reported in
patients with secondary upper limb lymphedema (ULL)
and those with LLL [14]. Manual lymphatic drainage
(MLD), which is a gentle manual technique that reroutes
lymph flow around blocked areas into healthy lymph
vessels and the venous system, is also one of the most
common conservative therapies and is performed by spe-
cially trained physical therapists [11, 15]. The efficacy of
MLD has been demonstrated in observational studies
and small randomized trials; however, some studies have
contraindicated its additive effects, the benefits of which
remain unclear [10, 16—18].

Few studies have identified prognostic factors, includ-
ing MLD, for LLL after gynecological cancer treatment.
Alternatively, previous studies, including randomized
control studies and systematic reviews, reported the pos-
itive effects of exercise, weight control, and physiotherapy
for patients with ULL related to breast cancer treatment
[19, 20]. Despite the differences in the characteristics of
the causative disease, the pathogenesis of LLL is similar
to that of ULL. Moreover, the identification of prognos-
tic factors of LLL will enable estimates of the effects of
LLL therapy and identify patients at high risk of treat-
ment failure. Therefore, the aim of the present study was
to identify factors associated with responses to CPT for
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secondary LLL after gynecological cancer treatment in a
large population.

Methods
Study articipants
We conducted a multicenter retrospective study using
the records of the following medical institutions from
between April 2002 and November 2014: Hirota Internal
Medicine Clinic, TOYOTA Memorial Hospital, North-
ern Fukushima Medical Center, Nagumo Clinic Fukuoka,
Iwate Prefectural Miyako Hospital, Limbs Tokushima
Clinic, and the Cancer Institute Hospital of the Japanese
Foundation for Cancer Research. All of the institutions
provide limb lymphedema therapy performed by a physi-
cian, nurse, physical therapist, and occupational therapist
who completed 135 h of the coursework recommended
in the statement of the National Lymphedema Network
[15]. The present study was authorized and approved by
the Ethical Committee of the School of Engineering of
the University of Tokyo and performed in accordance
with the principles of the Declaration of Helsinki.
Patients who developed LLL after gynecological cancer
treatment were included in the present study. LLL was
diagnosed based on physical findings and the Interna-
tional Society of Lymphology (ISL) staging system [10].
Some patients had bilateral LLL, the onset and extent of
which varied; therefore, every affected limb was regarded
as one sample number. We focused on the three main
types of gynecological cancer (cervical, endometrial, and
ovarian cancer) and excluded rare types, such as vulvar
and vaginal cancer and Paget’s disease. LLL caused by
definite diagnoses of primary heart failure, liver failure,
and renal failure were also excluded.

Data collection

We collected data on baseline characteristics, includ-
ing age, BMI, the cancer type, site of lymphadenectomy
(pelvic and pelvic with para-aorta), the performance of
chemotherapy and radiotherapy, and MLD. Limb vol-
umes were estimated by the total summed length of four
axial limb circumferences taken at the ankle, crus, thigh,
and groin areas. The measurements were performed on
(1) the day on which the patient was diagnosed with LLL,
and (2) approximately 4 to 7 weeks, and (3) 8 to 24 weeks
after the initiation of LLL therapy and were defined as
the (1) initial status, (2) early phase, and (3) maintenance
phase, respectively. Data were collected by reviewing the
charts of eligible patients and treating therapists meas-
ured the limb circumference of LLL.

Statistical analysis
In univariate analysis, the relationship between each con-
tinuous variables (age, BMI, and limb circumference) and
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changes in limb circumference from the initial status to
the early and maintenance phases were assessed by a lin-
ear regression analysis. On the other hand, for categori-
cal variables (the cancer type, type of lymphadenectomy,
chemotherapy, radiotherapy, stage, and MLD), change of
limb circumference from the initial status to the early and
maintenance phases were assessed by Student’s ¢-test. A
multivariate regression analysis was performed to detect
prognostic factors influencing reductions in limb circum-
ference and included age, BMI, the cancer type, lymphad-
enectomy, chemotherapy, radiotherapy, the ISL stage,
and initial limb circumference (the forced entry method).
Changes in the limb circumference from initial status
to the early and maintenance phases were evaluated by
a repeated measures analysis of variance (ANOVA) with
the post-hoc Bonferroni test. Differences in changes
in the limb circumference from the initial status to the
early and maintenance phases stratified by MLD, BMI
(cutoff value of 28 kg/m?) and radiotherapy, were also
estimated by a repeated measures analysis of covariance
(ANCOVA) adjusted for baseline data as a covariate
with the post-hoc Bonferroni test. Missing values were
excluded in each analysis. The significance of differences
was confirmed by two-sided P values, with the signifi-
cance level set to P<0.05. Statistical analyses were con-
ducted with IBM SPSS Statistics for Windows, Version
25.0 (IBM Corp., Armonk, NY, USA).

Results

Baseline characteristics of the patients

In total, 1,034 LLL treated in one of the institutions dur-
ing the study period, fulfilled the criteria of the present
study. The baseline characteristics of the cases are listed
in Table 1. There were 414 (40.0%), 274 (26.5%), and 159
(15.4%) cases of cervical, endometrial, and ovarian can-
cers, respectively. The remaining 187 (18.1%) cancer
cases were recorded as uterine cancer of unknown origin.
Pelvic lymphadenectomy was performed on 581 (56.2%)
LLL cases, and additive para-aortic lymphadenectomy
on 264 (25.5%). Eighty-seven (8.4%) LLL cases received
chemotherapy, while 268 (25.9%) received radiotherapy.
All cases received CPT, with MLD being performed on
881 (85.2%).

Factors associated with response to CPT

We investigated factors associated with a good response
to CPT for LLL among the background variables. In the
multivariate analysis of factors associated with response
to CPT in for LLL, four variables independently affected
reductions in the total circumference from the initial sta-
tus (the day of diagnosis) to the early phase (4 to 7 weeks
after diagnosis): age, BMI, and initial circumference. In
the maintenance phase (8 to 24 weeks after diagnosis),
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Table 1 Baseline characteristics of the patients with lower limb
edema (n=1,034)

Characteristics Category
Age, year (SD) 580 (11.7)
BMI, kg/m? (SD) 27 (39
Type of cancer, n (%) Cervical cancer 414 (40.0)
Endometrial cancer 274 (26.5)
Ovarian cancer 159 (15.4)
Missing (Uterine cancer) 187 (18.1)
Lymphadenectomy, n (%)  Pelvic 581 (56.2)
Pelvic + paraaorta 264 (25.5)
Missing 189 (183)
Chemotherapy, n (%) 87 (8.4)
Radiotherapy, n (%) 268 (25.9)
Stage, n (%) | 24 (2.3)
Il 885 (85.6)
Latein |l 109 (10.5)
Il 16 (1.5)
Circumference, cm (SD) Total 1639 (21.1)
Ankle 23.1 (7.0)
Crus 374 (5.9
Thigh 473 (6.3)
Groin 56.0 6.6)
MLD, n (%) 881 (85.2)

SD standard deviation, BMI body mass index, MLD manual lymphatic drainage

five variables were identified as independent prognostic
factors for improvements in LLL from the initial status:
age, BMI, endometrial cancer, radiotherapy, and initial
circumference. On the other hand, MLD did not sig-
nificantly affect changes in limb circumference in either
phase. These results indicated that older age, lower BMI,
cervical and ovarian cancer (compared to endometrial
cancer), a larger initial limb circumference at diagno-
sis, and no radiotherapy were independently associated
with greater reductions in limb circumference with CPT.
(Table 2).

Changes in Lower Limb Circumferences

Based on the results in the multivariate regression anal-
ysis, we focused on BMI and radiotherapy as variables
affecting responses to CPT and visualized the impact
with statistical stratification. The initial limb circumfer-
ence, one of the main factors affecting improvements in
LLL, was adjusted with ANCOVA. Sequential changes
in the lower limb circumference in the initial status (the
day of diagnosis) and early (4 weeks to 7 weeks after diag-
nosis) and maintenance (8 weeks to 24 weeks after diag-
nosis) phases were examined (Fig. 1). In comparisons
with baseline values, limb circumference significantly
decreased with CPT in both the early and maintenance
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Table 2 Univariate and multiple regression analysis for changes of lower limb circumference

Early phase Maintenance phase
Univariate analysis Multivariate regression Univariate analysis Multivariate regression
analysis analysis
Characteristics Categories Pvalue Standardized P value Pvalue Standardized P value
Coefficient Coefficient
Age, CC? —0.073 0061 —0111 0.007 —0.098 0010 —0.134 <0.001
BMI, CC* —0299 <0.001 0447 <0.001 —0.348 <0.001 0456 <0.001
Type of cancer,cm  Cervical cancer —7.20(7.53) 0.268 referent —9.65 (9.64) 0.008 referent
(SD)° Endometrial cancer —6.26 (7.01) 0,034 0444 —7.40 (9.64) 0.087 0.037
Ovarian cancer —6.27(737) 0014 0.755 —7.28(881) 0.029 0.484
Lymphadenec- Pelvic — 445 (9.90) 0.014 referent —846(12.05) <0.001 referent
tomy, cm (SD)° Pelvic +paraaorta  —6.57 (8.17) 0022 0596 —4.78 (92 ) ~0055 0132
Chemotherapy, cm VYes —2.88(10.66) 0.002 0.011 0.825 75(11. <0.001 —0.010 0.140
(SD)° No —6.88(9.24) —829. 28)
Radiotherapy,cm  Yes —7.28(12.29) 0.242 0.108 0.012 —9.11 (14.53) 0.074 0.082 0.040
(SD)° No ~635(8.22) 6(9.65)
Stage, cm (SD)® | —153(5.32) <0.001 referent 3 (4.66) <0.001 referent
Il —581(7.61) 0.044 0.704 —6.97(9.32) —0.168 0.141
Latein I —961(10.57) 0.053 0640 —11.96 (12.65) —0.093 0407
Il —27.32(31.34) 0.01 0.849 —31.76(3843) —0.056 0.260
Circumference, CC? —0.608 <0.001 —0.828 <0.001 —0.671 <0.001 —0.920 <0.001
MLD, cm (SD)° Yes —6.54(9.35) 0.768 0.013 0794 —817(11.52) 0.012 0.011 0.796
No —6.87 (9.40) — 540 (8.60)

Statistically significant results are marked in bold

BMI Body mass index, MLD Manual lymphatic drainage

@ Data are expressed as a correlation coefficient (CC)

b Data are expressed as the group mean (standard deviation [SD])

phases (Fig. 1A). Regarding therapeutic effects, MLD did
not significantly affect changes in the limb circumference
in the early and maintenance phases (Fig. 1B). Compari-
sons of limb circumference variations between patients
with high BMI (> 28 kg/m?) and other patients who were
divided according to whether radiation therapy was con-
ducted are shown in Fig. 1C and D. In the cohort with-
out radiotherapy, reductions in limb circumferences were
similar in patients with BMI> 28 kg/m? and <28 kg/m>
(Fig. 1C). However, in the cohort with radiotherapy, limb
circumference was significantly shorter in patients with
BMI < 28 kg/m? than with > 28 kg/m? (Fig. 1D).

Discussion

CPT exerted positive effects on LLL caused by gyneco-
logical cancer treatment. Although the intervals between
the onset of LLL and treatment initiation were not
evaluated in the present study, conventional physical
therapeutic intervention achieved beneficial clinical out-
comes for LLL. On the other hand, in the multivariate
analysis, MLD was not a significant prognostic factor for
improvements in LLL in the early or maintenance phase

of treatment. A literature review reported both posi-
tive and ambiguous findings on the efficacy of MLD for
lymphedema [10, 16—-18]; however, MLD is a common
technique for patients with ISL class II in Japan, and its
efficacy and potential applications need to be further
examined in more detail in future studies including pro-
spective trials.

The multivariate regression analysis also identi-
fied independent prognostic factors associated with
a good response to CPT for LLL. The initial limb cir-
cumference was identified as the most influential posi-
tive prognostic factor for improvements in LLL, which
can be explained by the larger accumulation of leaked
lymphatic fluid in the interstitium; this fluid was eas-
ily transported by the drainage effect of compression,
as previously reported [21]. Age also had a significant
positive effect for greater reductions of lower limb cir-
cumference. In clinical settings, the deterioration of LLL
is common in patients who cannot focus on LLL ther-
apy and are forced to keep standing up because of their
jobs or housekeeping. In addition, elderly patients are
more likely to have hypertension or disuse syndrome,
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Fig. 1 In comparisons with baseline values, limb circumference significantly decreased with compression therapy in the early and maintenance
phases. A Comparisons of limb circumference variations between patients with and without manual lymphatic drainage (MLD). B Comparisons
of limb circumference variations between patients with high BMI (> 28 kg/m?) and other patients divided based on the presence or absence of
radiation therapy (C and D) *P < 0.05 significantly different from the other group. 1P < 0.05 significantly different from the baseline

and some may be taking edema-inducing drugs [22], the
effects of which may achieve superficial improvements
in curable non-lymphatic edemas. On the other hand,
higher BMI, radiation therapy, and endometrial cancer
decreased the range of reductions in limb circumference
with CPT. Obesity impairs natural lymphatic flow and
its drainage system, which is one of the direct causes of
LLL [23]. It has been identified as one of the risk factors
for the development of ULL and LLL after cancer treat-
ment [3, 24]. Although weight control during the treat-
ment course was not examined in the present study; it is
considered to play a key role in the amelioration of this
cancer-associated comorbidity. Radiotherapy also had a
negative impact on improvements in LLL, and was also
previously reported to affect the incidence of LLL [25].
In ULL associated with breast cancer treatment, radio-
therapy is one of the main risk factors contributing to
the development and progression of ULL [26], which can
also aggravate lymphedema in lower limbs. In ANCOVA
stratified by the presence and absence of radiotherapy, a

significant difference was observed in treatment effects
between patients with high BMI (> 28 kg/m?) and other
patients. Therefore, obese patients with radiotherapy may
require more careful management and active treatment
for LLL, including lymphaticovenular anastomosis [27].
Endometrial cancer was identified as an independent risk
factor for the interference of LLL therapy in the mainte-
nance phase; however, the underlying reason was unclear.
Some confounding factors related to the development of
endometrial cancer, that are not reflected by BMI, such
as diabetes mellitus and adiposis [28, 29], which were not
investigated, may have contributed to this result; there-
fore, further studies are warranted. Other factors, includ-
ing the site of lymphadenectomy, chemotherapy, and
ISL stage, were not significant independent predictors of
improvements in LLL in the multivariate analysis in this
study population.

The limitations of the present study include changes in
the QoL of patients not being examined. Lymphedema
is an incurable disease that affects esthetics and restricts
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the activities of daily living of affected patients, such as
dressing and movement. These factors have been asso-
ciated with psychological reductions in the QoL of
patients with cancer-related ULL and LLL [3, 4]. It was
also unclear whether self-management for LLL in daily
life, such as exercise, weight control, and skin care, influ-
enced the outcome Due to the difficulties associated with
extrapolating this retrospective analysis directly to any
recommendations for clinical practice, the present results
need to be primarily used as the basis for additional pro-
spective studies.

Conclusion

Improvements in the lower limb circumference corre-
lated with clinical histories and physical characteristics,
which may be used as independent prognostic factors
for successful CPT for LLL after gynecological cancer
treatment.
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